We have examined 204 bow shock crossings observed in the magnetic field and plasma data on ISEE 1. Using the measured upstream field and plasma data, we calculated the downstream field magnitudes by using the single-fluid MHD Rankine-Hugoniot jump conditions, and we compared the results with the observed downstream field magnitudes. We find that the simple MHD model approach can predict the downstream field magnitude only on the average, but does so quite well if (1) a polytropic index of approximately • is used in the calculations' (2) the angle between the upstream field and the shock normal is greater than 45ø; and (3) the Alfv•n Mach (Ma) number is less than about 10. For angles less than 45 ø the predictions overestimate the observed field strength. For Ma > 10 the predictions underestimate the observations.
INTRODUCTION
The properties of a shock wave in a magnetohydrodynamic (MHD) medium such as the solar wind are well approximated by calculations based on the gas dynamic analog of a blunt body in a supersonic flow. Spreiter et al. [1966] showed for the case of the earth's bow shock that their gas dynamic model produces the general geometric characteristics of the bow shock (see also Slavin et al. [1983] ) such as the position of the subsolar point, and the shape of the shock particularly near local noon. At the dawn-dusk meridian the geocentric distance to the gas dynamic model shock is about 10% less than the distance to a surface arrived at by using the best fit to many observed bow shock locations [Holzer et al., 1972] normalized to an average solar wind pressure.
Under certain solar wind conditions the gas dynamic model also estimates the jump in the plasma parameters, such as the density, temperature, and bulk velocity, quite well [e.g., Argo et al., 1967; Spreiter et al., 1968] . Also, under these conditions, the change in the magnetic field vector is predicted well [Spreiter et al., 1966] , although the field is not treated in a selfconsistent manner by the gas dynamic theory, i.e., the magnetic field is not allowed to influence the plasma. However, it is clear from the governing equations and the observed range of Alfv•n Mach numbers in the solar wind (see Figure When the magnetic field effects are important, the gas dynamic description of the bow shock must be modified to include, self-consistently, the solar wind magnetic field. The MHD limit then provides a set of macroscopic conservation equations [de Hoffman and Teller, 1950] generally referred to as the MHD Rankine-Hugoniot equations. With certain simplifying assumptions (see below) these can be solved to obtain the condition of the solar wind plasma downstream of the bow shock purely in terms of the undisturbed upstream solar wind parameters [e.g., Kantrowitz and Petschek, 1966] .
Mihalov et al. [1969] were among the first to test the simplest MHD Rankine-Hugoniot jump conditions on the earth's bow shock. Using data from a single Pioneer 6 crossing, they found fair agreement between calculation and measurement, but this agreement was strongly dependent on specific and nonunique methods for determining the shock normal. Because only one bow shock crossing was analyzed, it is not clear whether or not the agreement was fortuitous.
Formisano et al. [1973] briefly addressed the question of the Rankine-Hugoniot equations as applied to the earth's shock with data from several crossings by HEOS 1. Their results are, however, inconclusive. They agree with the opinion offered by Chao [1972] that the equations probably need to be modified to include effects due to waves and/or turbulence close to the shock surface (see also Chao and Goldstein [ 1972] ).
More recently, Tatrallyay et al. [1984] used more than 300 crossings of the Venus bow shock by the Pioneer Venus orbitor to study how well the MHD and gas dynamic jump conditions apply. They found that the MHD equations approximated the observed jump in the magnetic field at Venus if a polytropic index (ratio of specific heats) of 1.85 for the solar wind was used. Moreover, the index varied with the Alfv•n Mach number and with the angle between the shock normal and the solar wind magnetic field. They also noted that the MHD solution and the gas dynamic solution became essentially equivalent at and above a plasma beta (ratio of thermal pressure to magnetic pressure) of about 2.7.
Since its launch in October 1977 the ISEE 1 spacecraft has provided a rather complete and plentiful coverage of bow shock crossings. Using these data, we have conducted a statistical investigation of the applicability of the simple MHD conservation laws to the earth's bow shock, the results of which are presented in this paper.
Mass, momentum, and energy must be conserved across the shock, independent of the specific nature of the interaction. , when setting up the conservation equations. We find that on the average there is good agreement over most of the range in the observed upstream parameters, although there is evidence for systematic differences in some instances. Identification of the mechanisms responsible for these disagreements requires further work.
THE MAGNETOHYDRODYNAMIC JUMP CONDITIONS
The magnetohydrodynamic treatment of the effects that the bow shock has on the solar wind is greatly Simplified by two factors. First, the typical shock thickness as indicated by the magnetic field ramp is of the order of a few hundreds of kilometers (neglecting for a moment the possibility of upstream wave-particle interactions caused by the shock, and the ion thermalization length downstream). The scale over which the average plasma parameters in the solar wind change, however, is of the order of a few earth radii (RE). Thus the shock may be considered as a thin discontinuity. Second, the equations describing the conservation of mass, momentum, and energy, and Maxwell's equations, may be integrated across the shock to relate explicitly the fluid properties of one region to those of the other region, without regard to the structure of the In order to determine the change in the field magnitude across the shock we first took 5-min averages of the components both upstream and downstream from the shock ramp, and then calculated the field magnitudes from these averages. It is very important, especially in the presence of waves or turbulence, that we calculate the magnitude by using the averaged components. If an average of the magnitude is used, the results will be quite different. This point is discussed in more detail in section 6. 
where r is the radial distance to the shock, L is the semi-latus rectum (the radial distance to the shock in the dawn-dusk plane), • is the sun-earth-satellite angle, and s is the eccentricity. Using OGO 1 observations of the shock and applying a least squares fit to these locations, they obtained e = 0.7 and L = 23.5 RE. Other models exist, and a good comparison of them is given by Slavin and Holzer [1981] . Applying these two methods to our 204 bow shock crossings, we find that the angle between the two normals varies from zero to 136 ø. The large deviations of the coplanarity normals from the model normals do not seem reasonable. One explanation for the frequent large angles between the coplanarity and model normal is that they may represent errors caused by the time delay between upstream and downstream field measurements. To check on this possibility, we looked for, and found, a very few (eight) crossings where ISEE 1 and ISEE 2 straddled the bow shock, i.e., while the first spacecraft was in the solar wind, the second already had entered the magnetosheath. The separation between the two spacecraft was typically 1000 km. This provided us with the opportunity to measure the upstream and downstream fields simultaneously, an ideal test of the coplanarity theorem. We found that the two-spacecraft coplanarity normals as well varied through a large range of angles with respect to the model normal, in a manner similar to the one-spacecraft normals. Even though there are very few points, this result suggests that it is not the time delay exclusively that causes the single-spacecraft coplanarity normals to be distributed through a large range of angles relative to the model normals. However, we also note that the coplanarity normals obtained from the eight twospacecraft measurements differed significantly from those obtained from the single-spacecraft measurements. These differences may be partially attributed to the time delay which causes the single-spacecraft normal to be in error. Also, there are errors inherent in applying the coplanarity method, and this point we discuss next.
In Figure 5 Figure 6 , we excluded any points that were more than three standard deviations away from the mean in each bin, so as not to put too much weight on a very few extreme points. This means we excluded less than 3% of the total population, and no more than 8% in any one bin.
In the middle panel, for 7 = • (Figure 6b) , the predictions match the observations well on the average. Tatrallyay et al. [1984] found that the best fit to their data for the Venus bow shock was obtained from calculations using the polytropic index 7-1.85. The bottom panel, Figure 6c, (Figure 9c) , we find that the disagreement occurs mainly in the quasiparallel regime. Figure 9b indicates that B2MHD/B2obs is independent of Ma from 2 up to about 10, within error bars, for the quasi-perpendicular crossings. Above Ma-10 the ratio falls below 1; i.e., the calculations underestimate the field jumps. For these Mach number values, however, the number of points is relatively small, and caution must be used when interpreting this result. Figure 9c shows the large amount of scatter present in the quasi-parallel results. There, B2MHD/B2obs is in general greater than 1. Figure 10a shows a plot of B2MHD/B2obs versus the solar wind plasma beta. The points are grouped into bins of size •--0.25 and averaged, neglecting points which are farther than two standard deviations away. We see that the ratio is 
SUMMARY
In this study of the magnetic field jump across the earth's bow shock we found that predictions from the MHD conservation equations (7)- (10) 
